Public transport in Delhi was amended by the Supreme Court of India to use Compressed Natural Gas (CNG) instead of diesel or petrol. After the implementation of CNG since April 2001, Delhi has the highest fraction of CNG-run public vehicles in the world and most of them were introduced within 20 months. In the present study, the concentrations of various criteria air pollutants (SPM, PM 10 , CO, SO 2 and NO x ) and organic pollutants such as benzene, toluene, xylene (BTX) and polycyclic aromatic hydrocarbons (PAHs) were assessed before and after the implementation of CNG. A decreasing trend was found for PAHs, SO 2 and CO concentrations, while the NO x level was increased in comparison to those before the implementation of CNG. Further, SPM, PM 10 , and BTX concentrations showed no significant change after the implementation of CNG. However, the BTX concentration demonstrated a clear relation with the benzene content of gasoline. In addition to the impact of the introduction of CNG the daily
Introduction
The Indian economy grew by 2.63 times between 1975 and 1995, while the industrial pollution load grew by 3.47 times and the vehicular pollution load by 7.5 times (Kumar and Bhattacharya, 1999) , which indicates that almost all Indian cities, particularly metropolitan cities such as Delhi, Mumbai and Kolkata, are reeling under severe air pollution. There were 2.5 million vehicles registered in Delhi during 1996, while this number has reached 4.17 million in 2004 (Transport Department, 2004) .
Vehicular pollution accounts significantly to the total pollution generated in Delhi (Economic Survey of Delhi, 2003-04; Gurjar et al., 2004) . The most common method of public transport in Delhi comprises buses, minibuses, taxies and three wheelers. Their consumption of diesel is higher as compared to gasoline than possibly anywhere in the Western World. Further, diesel constitutes two-third of the total fuel consumption in the transport sector (Aggarwal, 1999) .
Diesel exhaust is considered to contain various substances, which are hazardous to human health (Aggarwal, 1999) . Further, it produces 10 to 100 times more particles than gasoline. The Scientific Review Panel of the California Air Resources Board points out that a chronic exposure to 1 µg m -3 of diesel exhaust will lead to 300 additional cases of lung cancer per million people (S.R.P., 1998). For a population of fourteen million in
Delhi, this means 4200 extra cases of lung cancer for a chronic exposure to 1 µg m -3 of diesel exhaust. Diesel exhaust has a higher potency to causing cancer than benzene, a potent carcinogen compound produced in gasoline exhaust, which is implicated in leukemia. Further, the suspended particulate matter (SPM) concentration in India exceeds the annual mean guideline of the World Health Organization (WHO) for 294 days in Delhi and 268 days in Kolkata (Brandon and Homman, 1995) . About 40000 Indians are dying early every year because of air pollution: 7500 in Delhi, 5700 in Mumbai and 4500
in Kolkata, and it has been estimated that these deaths can be avoided in Delhi by a 142 g m -3 reduction in PM 10 . The study also estimates that India spends US$ 350 to 490 million every year on the treatment of diseases that are caused by ambient air pollution (Brandon and Homman, 1995) . One out of every ten school children in Delhi suffers from asthma that is worsening due to air pollution (Aggarwal, 1999 (Beer et al., 2000) . This has led Tehran, Los Angeles, Bangkok, Santiago, Cairo, Beijing and many other cities to establish a natural gas programme (Dursbeck et al., 2001) . In view of the seriousness of the health effects of air pollution and to improve the air quality of Delhi, the Supreme Court of India passed an order on July 28, 1998 to reduce vehicular pollution. In brief, the Supreme Courts Directives were as follows:
 Augmentation of public transport (stage carriage) to 10,000 buses till 1 st April
2001.
 Replacement of all pre-1990 autos and taxies with new vehicles on clean fuels till  Entire city bus fleet to be steadily converted to single fuel mode by March 31,
 Gas Authority of India Limited (GAIL) to expedite and expand from 9 to 80 CNG supply outlets by March 31, 2000 in Delhi.
After the implementation of CNG since April 2001, Goyal and Sidhartha (2003) reported the trends of CO, SO 2 , NO x and SPM concentration till the end of 2001, although during this period only a small fraction of public transport was converted to CNG. In the present study we have appraised the air quality when most of the vehicles were converted to CNG and Delhi achieved the highest number of CNG-run vehicles in the world (Transport Department, 2004 ; Table 1 ). Furthermore, we have also assessed the variations in concentration of BTX, PAHs and respirable particles (PM 10 ) in view of their complex association with health effects (Ravindra et al., 2001) . Further the spatial and temporal variations in PAHs concentrations were also assessed and an attempt has been made to find the potential sources of PAHs in Delhi.
Materials and Methods
The ambient air quality data for CO, SO 2 , NO For PAHs determinations, the filter samples were extracted using pressurized liquid extraction (Dionex, Titan Way, California, USA) for the fast extraction of PAHs with minimum solvent consumption (Godoi et al., 2004; Ravindra et al., 2005) . The extracts were concentrated in a Turbo Vap 500 (Zymark, Hopkinton, MA, USA) concentrator.
The solvent was replaced to 1 ml acetonitrile prior to their analysis for the separation and 
Results and Discussions

Impact of introduction of CNG on PAHs
The average concentration of PAHs samples collected during early 2003 at the BSZ and SF sites were compared with the mean PAHs level at the same sites prior to the CNG implementation ( Fig. 1 (2000) were reported at these sites (C.P.C.B., 2003). The concentrations of PAHs are generally observed to be higher during winter than in the other seasons (Cotham and Bidleman, 1995; Harrison et al., 1996) . Hence the compared values of PAHs used in concentrations with those prior to CNG implementation demonstrates a significant decrease. This fall in PAHs concentrations may be related to the total aromatic and PAHs contents in diesel, as there is no maximum limit proposed in India, whereas in Europe, diesel may contain a maximum of up to 10 ppm of total aromatics and 1 ppm of PAHs.
Further, there is a sharp fall in the use of diesel and petrol by the public transport vehicles after the implementation of CNG, which also indicates the likely reason for this decrease in PAHs levels in Delhi. Although there is a continuous increase in the demand of diesel and petrol (Table 2) , it can be expected that a part of the total energy demand by the transport sector is being fulfilled by an additional source, i.e. CNG, which is expected to increase in subsequent years due to CNG changeover.
Spatial and temporal variation in PAHs concentrations
The daily variations within individual PAHs concentrations and temporal pattern in SPM and PM 10 are shown in PAHs: due to their low vapor pressure they may be present in vapor phase during the day while at night, with the fall of temperature they may condense and/ or adsorb on particles.
At the residential site, the highest concentration of PAHs was noticed between 6 am to 2 pm, when a maximum activity of personal and public vehicles can be seen in these areas.
Moreover the total PAHs concentration at residential sites (4.5  2.0 ng m -3
) was found to 7 be 2 to 3 times lower than at the traffic intersection (11.5  3.3 ng m -3 ), and likely points towards a smaller traffic density.
Potential sources of PAHs in Delhi
Evaluation of diagnostic ratio
Except the public transport vehicles that run on CNG, Delhi has also a large number of personal cars and two-wheelers (motorbikes and scooters) and hence the diagnostic ratio of IND/ (IND+BghiP), FluT/ (FluT+Pyre) and BaP/ (BaP+Chry) were used to identify the possible emission sources of PAHs (Table 3) . A higher diagnostic ratio (> 0.5) of IND/ (IND+BghiP) and FluT/ (FluT+Pyre) has been used as an indication towards diesel emission sources (Kavouras et al., 2001 ). The ratio of BaP / (BaP+Chry) was 0.49 for gasoline emissions and 0.73 for diesel engines (Khalili et al., 1995; Guo et al., 2003) .
In comparison to these studies, the present results suggest that diesel and gasoline emission sources existed simultaneously at BSZ and SF sites. Diesel driven goods vehicles ply during nighttime primarily, and dominated more at BSZ as compared to SF, where gasoline emission may be the major source of PAHs probably due the frequent use of two-wheelers in the vicinity of the sampling site.
Principal component analysis
In order to enhance the accuracy of emission source identification at the BSZ and SF sampling sites, principal component analysis (PCA) was used. Source grouping was determined using PCA with varimax rotation and the retention of principal components having an eigenvalue >1 of complete data set of PAHs concentration. Factor analysis in this study was carried out using the statistical analysis SPSS 12.0 software package. Table 3 provides the results of factor analysis of total PAHs concentrations at BSZ and SF sampling sites. The PCA results show that two factors explain the main part of data variance.
The high factor loading of FluT, Pyre, BaP and BghiP in Table 4 for factor 1 confirmed that vehicular emission was one of the major sources of PAHs at both BSZ and SF sites. This is a similar observation to that of Guo et al. (2003) . Some authors report that the higher concentrations of FluT, Pyre and, especially, BghiP and coronene indicate 8 towards gasoline-fueled vehicles, while the higher concentrations of FluT, Pyre with higher ratio of BbF and BkF point to the emission of PAHs from diesel powered vehicles (Duval et al., 1981; Masclet et al., 1986; Khalili et al., 1995) . On the basis of these studies it can be concluded that diesel vehicles form a major fraction of PAHs concentration at BSZ and SF sampling site. The high factor loading of FluT and Pyre for factor 2 at BSZ also indicates towards oil burning (Duval et al., 1981) . The high loading of FluT and Pyre with BghiP and IND for factor 2 indicated that gasoline engine emission also affects the air quality at the SF sampling site (Fang et al., 2004) .
Impact of introduction of CNG on BTX
The samples collected during winter and summer at BSZ and SF were analyzed for BTX concentrations. There is no significant change in the BTX concentration noticed after the implementation of CNG ( 
Impact of introduction of CNG on criteria pollutants
The variation in annual average concentrations of various criteria pollutants (SPM, PM 10 , CO, SO 2 and NO x ) at BSZ, over the period of 1998 to 2003 are shown in Fig. 6 .
After the implementation of CNG, the CO and SO 2 concentrations develop a decreasing trend, whereas the NO x concentration seems to be increasing. The explanation for increasing NO x concentration seems to be related with the significant increase in total number of vehicles each year in Delhi and with the higher flash-point of CNG (540 o C) compared to that of diesel (232-282 o C). At such a high temperature, more nitrogen from the air compresses and reacts with oxygen in the combustion chamber of CNG driven vehicles and thus produces more NO x . Further, the concentration ratios of CO/NO x and SO 2 /NO x were also compared to characterize the emission sources. For the period of 9 1998 to 2000, the CO/NO x and SO 2 /NO x ratios were 81 and 0.36 respectively, while after the implementation of CNG the respective ratios were 46 and 0.15 for CO/NO x and SO 2 /NO x . The high CO/NO x ratio and low SO 2 /NO x ratio at BSZ indicates toward vehicular emission sources.
A study conducted by CPCB (1995) shows that 97 % of hydrocarbon (HC), 76 % of CO and 50 % of NO x emission comes in air from vehicular activity and hence a fall/increase in the levels of these pollutants can be related to the CNG implementation.
Further the report shows that vehicular emission contributes around 10% of the total emission of SPM and SO 2 in Delhi. A significant fall in SO 2 concentrations was noticed prior to CNG implementation and that can be attributed to the use of refined (low S winter season from October through March. The problem of SPM is more acute during the summer seasons due to local dusty conditions, although it falls significantly during monsoon by rain scavenging (Ravindra et al., 2003) . During the winter seasons, the lower ambient temperature, lower mixing depth, temperature inversion condition and higher consumption of fuel aggravate the pollution problems (Ravindra et al., 2003b 
Conclusion
The 
